Key features of plasmodial DNA are its high AT content, which can account for over 90% in non-coding regions of Plasmodium falciparum (6) and the occurrence of frequently repeated sequences in coding regions (3) . As a consequence, cloned plasmodial sequences are often unstable when propagated in Escherichia coli , especially when they contain repeated sequences, and there are numerous reports about problems encountered during cloning and sequencing plasmodial genes (2, 5, 6) . We have devised a simple strategy that enables efficient cloning of plasmodial DNA using a partial digestion method.
Preparation of the genomic DNA and pBluescript ® ® vector for cloning. Aliquots (10 µ g) of Plasmodium chabaudi 96V genomic DNA were digested for 1 h at 37°C with 0.9, 0.6, 0.45 and 0.3 U of Sau 3A in 100 µ L buffer A (33 mM Tris-acetate, 10 mM magnesium acetate, 66 mM potassium acetate, 0.5 mM dithiothreitol, pH 7.9) supplied by the manufacturer (Boehringer Mannheim GmbH, Mannheim, Germany). Digestion under these conditions resulted in genomic DNA that was partially digested. After heat-inactivation for 20 min at 65°C, the Sau 3A ends were two-base filled in by adding to each tube 10 U Klenow fragment of E. coli DNA Polymerase I (Boehringer Mannheim) and dCTP and dTTP to a final concentration of 0.25 mM. The reaction was incubated 15 min at 37°C. Each aliquot was loaded in a separate well on a 0.7% SeaPlaque ® GTG ® low melting point agarose gel (FMC BioProducts, Rockland, ME, USA) and run at 1 V/cm and 4°C in the presence of ethidium bromide. Any sample showing complete digestion (indicated by a banding pattern when viewed on a long-wave transilluminator) was not used for the construction of a library.
Fragments of 2-4 kb were isolated by GELase ™ (Cambio, Cambridge, England, UK) treatment following the manufacturer's protocol and repurified by electrophoresis under the same conditions. Five volumes of QB buffer (750 mM NaCl, 50 mM morpholinepropanesulfonic acid [MOPS], 15% ethanol, pH 7.0) were added to the last GELase digestion, and the DNA was purified on a QIAGEN ® column (Qiagen, Hilden, Germany) of appropriate size using the protocol for plasmid preparations using QB buffer. The precipitated DNA was resuspended in distilled water at a final concentration of
Following the same protocol, pBluescript ® KS(+) (Stratagene, La Jolla, CA, USA) was completely digested with Xho I, two-base filled in with dTTP and dCTP and gel-purified once.
Ligation and transformation into SURE ® ® E. coli . Ten microliters of a mixture containing 0.2 µ g prepared genomic DNA, 0.12 µ g prepared pBluescript KS(+) and 1 U T4 DNA ligase in 1 ×ligation buffer (both from Boehringer Mannheim GmbH) were incubated overnight at 16°C. The ligation products were desalted by microdialysis against distilled water on an MF-Millipore ® membrane (Millipore, Bedford, MA, USA) for 1 h at room temperature and subsequently transformed into SURE ® E. colibacteria (Stratagene) by electroporation.
Plating, growth and replication. A 22.5-×22.5-cm Biodyne ® A transfer membrane (Pall BioSupport, East Hills, NY, USA) was laid on a fresh 24.5-× 24.5-cm LB/amp (100 µ g/mL) plate. Approximately 50 000 colony-forming units (cfu) in 6 mL SOC medium were placed in about 0.1-mL spots in a regular pattern on top of the nylon membrane. Spreading was performed with the knee of a glass spreader instead of its rod part. The plate was left open in a sterile hood until no more surface moisture was visible and then incubated overnight at 37°C. When colonies had reached a diameter of about 0.5 mm, a replica was made of the master membrane.
To do this, a Biodyne A transfer membrane was wetted on an LB/amp (0.1 µ g/mL) plate and laid on the master membrane. Both membranes were sandwiched between one layer of slightly wetted 3MM paper (Whatman,
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Maidstone, Kent, England, UK) and two 30-×30-cm glass plates. The assembly was pressed together. The filters were pricked with a needle and separated, and the colonies were regrown on LB/amp (0.1 µ g/mL) plates. A second replica was made from the first replica in the same way.
Storing the master membrane. The replenished master membrane was peeled off the LB/amp (100 µ g/mL) plate and laid on top of two layers of 3MM paper, which were soaked in LB medium containing 25% glycerol. After 15 min, the moist membrane was transferred onto a 25-×25-cm and 3-mm-thick perspex plate. Graph paper was photocopied on acetate sheets and a 24-×24-cm grid assembled out of these photocopies. This grid was placed on top of the master membrane that had been transferred to the perspex plate previously. The pattern of holes in the master membrane was copied to the grid with a marker. A second perspex plate of the same dimensions as the first one was laid on the grid, and the assembly was finally fixed with the help of four small clamps. Another 24-×24-cm acetate grid was placed on top of this assembly and the pattern of holes in the master membrane copied to it as well. The master plate assembly was stored at -80°C, and the second acetate grid was kept together with the replica filters.
Screening of the library and isolation of positive clones. The replica filters were prepared for hybridization and screened according to standard protocols (4) . Double positive signals were marked on the second acetate sheet grid, and 5-× 5-mm squares, with the positive signal in the center, were cut out of the grid. The master membrane assembly was removed from -80°C and put on dry ice, and the first perspex plate was removed. The two grids were aligned, and the same squares were cut out of the first grid together with the underlying membrane. The membrane with the adhering colonies was transferred into a microcentrifuge tube containing 1 mL LB/ amp medium (100 µ g/mL) and briefly vortex mixed. Aliquots were plated directly on LB/amp (100 µ g/mL) plates, and replicas of the grown colonies were rescreened, resulting generally in the isolation of a pure colony.
The rationale for the construction of the genomic library was based on certain assumptions and observations: cloning into a plasmid vector was considered appropriate to avoid subcloning from a phage vector and to avoid unstable single-stranded forms when using phagemid vectors.
Sau 3A cuts DNA frequently; for example, from cDNA clones that cover over 4 kb of the repetitive organellar protein of the erythrocytic parasite ( ROPE ) gene of P. chabaudi 96V, we knew that Sau 3A sites were quite evenly distributed over the sequence, at an average distance of about 800 bp (Reference 7 and unpublished data). A partially digested Sau 3A library should be useful to walk along this and other sequences. Two-base fill-in makes Sau 3A fragments incompatible for ligation to each other, as does the two-base fill-in of Xho I-digested pBluescript. On the other hand, the filled-in Sau 3A and Xho I sites become compatible for ligation to each other (creating a new Taq I   22BioTechniques Vol. 23, No. 1 (1997) 50  6930  90  23 000  99 46 000
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The genome size of Plasmodium spp. is approximately 3 ×10 7 bp. Since the library contains inserts with an average length of 3 kb, the number of clones required to find a particular gene can be determined by applying the formula:
where P is the probability of obtaining a particular sequence, and f is the ratio of the length of the insert to the entire genome (1). Benchmark s site); the ligation reaction can be monitored by agarose gel electrophoresis. It was necessary to size-fractionate the partially Sau 3A-digested genomic DNA to prevent small inserts from becoming the main cloning products. The average insert size in the library was 3 kb, no multiple inserts were identified in 34 clones analyzed, and the nonrecombinant background was very low.
The choice of SURE E. coli as bacterial host was based on observations made with λ ZAPII cDNA clones from P. chabaudi96V. Following in vivo excision of recombinant pBluescript SK(-) clones, plasmid preparations showed frequently occurring uninterpretable patterns upon restriction enzyme digestion, indicating that the recombinant plasmids were highly unstable. When the same plasmids were isolated from SURE E. coli, this instability disappeared.
When the entire ligation reaction was transformed into SURE E. coli, about 130 000 recombinant clones were obtained, as determined by growing aliquots on LB/amp (100 µ g/mL) plates. Unfortunately, transformed SURE E. coli cells did not grow well on certain membranes compared to direct growth on LB/amp plates. We tested various membranes, including membranes washed under different conditions to remove potentially toxic substances, like traces of detergents, for their ability to support growth of the library. For most membranes, we obtained only 5%-20% of the number of colonies growing directly on agar; but with untreated Biodyne A transfer membrane, we obtained 60%.
Spreading 25 000-50 000 recombinant bacteria onto a 22.2-×22.2-cm membrane gives a reasonable expectation of finding a particular sequence (probability of 90%-99%; see Table 1 ) at a density of colonies that allows purification of a positive colony at the first rescreening step. Combining the features outlined above, a genomic DNA library of Plasmodiumspp. can be made that: ( i ) contains any particular sequence with a high probability; ( ii ) requires a short time to proceed from screening to sequencing; ( iii ) can be used for walking upstream and downstream of a sequence; and ( iv ) allows long-term storage for repeated use.
We have successfully applied the walking strategy to the ropegene region of P. chabaudi (Figure 1 ) using 300-500-bp, 32 P-labeled PCR products from the ends of cloned fragments (Reference 7 and unpublished data). This locus has a long open reading frame containing an 1195-bp repetitive DNA sequence (7) . No rearrangement was observed in any clone from the genomic DNA library throughout the 9986-bp region sequenced. The approach described here should provide a genomic library that can be used over a number of years and will facilitate cloning and successful genomic walking exercises even in organisms that have high AT content and frequently occurring repeat elements.
